Abstract. The paper deals with the introduction of Bertin's visual variables in an ATC context. The ranking of the efficiency of these variables has been experimentally verified by Cleveland, however, no studies highlight the physiological correlates of this ranking. We analyzed behavioral, physiological and subjective data recorded on 7 healthy subjects facing a visual comparison task witch involve 5 selected visual characterizations (angle, text, surface, framed rectangles and luminosity). Results showed that the observed accuracy was coherent with Mackinlay ranking of visual variables. Psychophysiological and subjective measurements are also discussed.
Introduction

Introducing the Bertin's Visual Variable Classification in ATC
In current Air Traffic Control (ATC) environments, air traffic controllers use numerous visualization systems like radar views, timelines, electronic strips, meteorological views or supervision systems. Each of these visualizations is rich and dynamic: it displays numerous visual entities that move and evolve over time. Among its different tasks, the most important activity of the controller is the monitoring of conflicts; this refers to the process to detect a loss of safe separation between aircrafts. Conflict resolution requires quick decisions that are sometimes performed under a high uncertainty. Conflicts resolutions generate psychological stress; consequently, the ATC activity may strongly load the cognitive system. The objective of our work is a first step to evaluate the matching between the Bertin [1] classification of visual properties and the effectiveness of these visual properties in the ATC context. Bertin introduced M. Causse and C. Hurter "la graphique" which provides rules to code information in a monosemic way (i.e. without any ambiguity in the perception of displayed information). He characterizes data to be displayed as:
• Nominal: are only equal or different to other values (aircraft's name), • Ordered: obey an order rule (aircraft's landing number), • Quantitative: can be manipulated by arithmetic (aircraft's altitude).
Furthermore, Bertin introduced seven visual variables (Position, Size, Shape, Orientation, Color, and Texture). Subsequently, Cleveland [2] , and then Mackinlay [3] built scales of expressivity and effectiveness for Bertin's visual variables (dependent on the human perceptual capabilities). This scale depends on Bertin's data type. The quantitative data type ranking has been experimentally verified by Cleveland. This ranking was built for statistical graphs; nevertheless, this approach might be applied in many other visualization fields. Therefore in this paper we try to sort design choice from the less to the most efficient visual solutions and to validate Bertin's scale with psychophysiological data in complement to empirical experimentations.
Psychophysiological Measurements
The psychophysiological measurements provide objective measures of the state of operators, precious clues on the impact generated by a given task. In mental workload literature [4] , as well as in human machine interface studies [5, 6] , psychophysiological data are commonly used as an index of the level of cognitive demand generated by a task (e.g. increased temporal demand, memory loading etc.). This level is characterized by physiological changes, in particular the catabolic activity within the autonomous nervous system (ANS) and is associated with energy mobilization and the investment of mental effort to copy with a task [7] . The analysis of psychophysiological responses like the eye movements or the pupil diameter has been also successfully used in ATC, for instance to assess the workload generates by a dynamic forecast tool compared to a static one [8] . As noticed by Võ [9] , whereas a substantial literature focuses on cognitive or emotional effect on ANS, little studies take into account their interactions, in focusing on workload effects, potential related psychological stress and emotion is ignored and its role in performance degradation is neglected. In consequence, the improvement of the emotional experience provided by the visual variables displayed on the screen could play a key role to facilitate the cognitive processes of the operators. Some preliminary experiments show the specifics impacts of a given cognitive activity on the ANS and the potential dissociation between emotional and cognitive effect on the ANS activity [10].
Objectives
Taking into account the research in the design field and the user's physiological considerations, we propose experiments that rely on four components:
• An ATC task based on a simplified scenario of the conflicts detection throughout judgment of vertical separation. The horizontal separation relies on the position of the aircraft on the radar; the vertical separation is classically based on a label associated with each aircraft (altitude in feet). Because the position on the screen is
